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Abstract 
In order to find the influences of heating temperature on the metallographic microcosmic of primary short circuited melted beads, the 
beads were heated at different temperatures for 30min in a box-type resistance furnace before cooling by water or by air. Contrasting the 
microstructure of primary short circuited beads, the changing regularity of the microstructure of primary short circuited beads is drawn. 
With the increase of the temperature, metallographic microcosmic of the primary short circuited beads change from finely cylindrical 
crystal to isometric crystal. The conclusion can be used in physical evidence identification.      
© 2012 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
The primary short circuit, also called short circuit before fire, was occurs due to something wrong with the wire 
insulation before the fire. The primary short circuit is possible related to the reason of the fire[1]. When there is a primary 
short circuited melted beads in the fire, its metallographic microcosmic is mainly affected by the fire temperature and 
heating time[2.3]. In this paper, by simulating fire scene, the metallographic microcosmic of primary short circuited melted 
beads heated at different temperatures were observed. Contrasting the microstructure of primary short circuited beads heated 
at different temperatures, the changing regularity of the microstructure of primary short circuited melted beads is drawn. 
The conclusion can be used in fire physical evidence identification. 
2. Experiment 
2.1 Apparatus and Material 
Apparatus: comprehensive test-bed for fire traces evidence, SRJX-4-9 box-type resistance furnace, P-2 metallographic 
grinder, 4XCZ metallographic microscope, Canon Power Shot A630 digital camera. 
Material: single thread PVC copper wire (2.5 mm2, 4 mm2), self-curing denture powder, self-curing denture water, 
metallographic abrasive paper (240#, 360#, 400#, 600#, 800#), Al2O3 powder, FeCl3, HCl and ethanol. 
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2.2 Process of Experiment 
Simulating short circuit condition, the 2.5 mm2, 4 mm2 single threads copper wires were cut into several 20 cm long 
sections, then remove the insulation of both ends. The primary short circuit melted beads of copper wire were made by 
using of comprehensive test-bed for fire trace evidence. After the beads formed, they were heated at different temperatures 
before cooling by water or by air, and the metallographic microstructure of the molten beads were observed[4.5]. 
3. Results and Discussion 
3.1 Results 
Fig.1 and Fig.2 show the metallographic microstructure of the primary short circuited beads of the 4 mm2 single thread 
copper wires cooled by air and cooled by spraying water immediately after the beads appeared. 
From Fig.1, we can see that the metallographic microstructure is mainly composed of finely cylindrical crystal and 
some isometric crystal appeared too. The boundary of the crystal particles is evident. There are no or little pores in the beads. 
In Fig.2, there are mainly finely isometric crystal and afterbirth-like crystal, with little cylindrical crystal in the field of view. 
The boundary of the crystal particles is weak. 
         
       Fig.1 The metallographic microcosmic of the         Fig.2 The metallographic microcosmic of the primary 
primary short circuited beads cooled by air (260 )      short circuited beads cooled by  spraying water( 260 ) 
The metallographic microstructure of the primary short circuited melted beads of the 4 mm2 single thread copper wires 
heated at different temperatures (300 , 400 , 500 , 600 , 700 , 800 , 900 ) for 30min in a box-type resistance 
furnace before cooling by spraying water are shown from Fig.3 to Fig.9. 
Fig.3 and Fig.4 show that the metallographic microstructure is mainly composed of finely cylindrical crystal, with 
some isometric crystal among them, and boundary of the crystal particles is evident. There are a few pores in the field of 
view, and these pores are small. This metallographic microstructure is similar with the metallographic microstructure of the 
primary short circuit melted beads without heating. So at low temperature, the heating temperature has little impact on the 
metallographic microcosmic of primary short circuited melted beads. 
The metallographic microstructure shows from Fig.5 to Fig.7 are mainly composed of bulky cylindrical crystal, with a 
small amount of cylindrical crystal which began to turn into isometric crystal, and boundary of the crystal particle is evident. 
Fig.5 to Fig.7 shows the growing process of the crystal particle with the increase of the temperature. 
From Fig.8 and Fig.9, we can see that the metallographic microstructure is mainly composed of bulky isometric crystal 
and boundary of the crystal particle is very evident. In the field of view, most bulky cylindrical crystal have turned into 
isometric crystal, and no pores remain, which is similar with the metallographic microstructure of melted beads due to fire 
burning specified in national standards. Fig.8 and Fig.9 show the result of crystal particle changed from finely cylindrical 
crystal to bulky isometric crystal. 
After heated at different temperatures, the changing regularity of the microstructure of primary short circuited beads 
cooled by spraying water is the same with them cooled by air. 
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Fig.3  T300 -30min-4mm2-cooled by air 260                Fig.4  T400 -30min-4mm2-cooled by air  260  
         
Fig.5  T500 -30min-4mm2-cooled by air 260              Fig.6  T600 -30min-4mm2-cooled by air 260  
         
Fig.7  T700 -30min-4mm2-cooled by air  260         Fig.8  T800 -30min-4mm2-cooled by air 260  
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Fig.9  T900 -30min-4mm2-cooled by air 260  
3.2 Discussion 
The primary short circuited beads of the 4 mm2 single thread copper wires were made by the electric welding machine 
in the current of 6 grades. After the beads formed, they were heated at different temperatures (300 , 400 , 500 , 600 
, 700 , 800 , 900 ) respectively for 30min in a box-type resistance furnace before cooling by spraying water. 
Contrasting the microstructure of primary short circuited beads, the changing trend of the microstructure of primary short 
circuited beads is drawn. With the increase of the temperature, metallographic microcosmic of the primary short circuited 
beads change from finely cylindrical crystal to bulky cylindrical, and to bulky crystal isometric crystal in the end. Which is 
not in common with the character of the metallographic microcosmic of the primary short circuited beads described in the 
Technique Identify Methods for Reasons of Electrical Fire(GB1860-4). This result is show in Fig.3 to Fig.9. The reason for 
the result is that the crystalline structure of the copper is able to change after being heated[6]. The crystal particles of the 
primary short circuited beads are small when they formed, but if they are heated, the crystal particle will grow clearly, and 
change to bulky ones. The higher the heating temperature is, the faster the crystal particles grow. This is because that crystal 
particle growth can reduce the total area of crystal particle, and make the total surface energy of the metal further reduced, 
which is a spontaneous process. The crystal particle’s growth is the result of boundaries migration and crystal particle 
obtention. The boundary impels from big crystal particle to small crystal particle, make the small crystal particle is easy to 
obtain by the big one, as a result, crystal particle grows averagely soon[7]. So higher the heating temperature is, higher the 
atomic energy is, and better diffusion is, then easier the boundary migration is, and quicker the crystal particle growth is. 
When the crystal particle grows to a certain degree, deformation metal is completely transformed to a stable organization 
composed of new isometric crystal without strain. 
When the heating temperature below 500 , the atomic energy is not high enough to make the atomic diffuse because 
the temperature is low [8], so the boundary migration is not evident, the crystal particle of the primary short circuited beads 
does not grow up evidently, yet mainly composed of finely cylindrical crystal, as is shown in Fig.3 and Fig.4. When the 
temperature above 500 , with the increase of the temperature, atomic is easier to diffuse, the boundary begin to migrate, 
crystal particle grow gradually, in the end, originally finely cylindrical crystal grows to bulky one. The result is shown in 
Fig.5 to Fig.7. When the temperature reaches to 800  or 900 , crystal particle growth come to the end, at last, form a 
stable organization composed of bulky isometric crystal. 
Heated at the same temperature, the changing regularity of the microstructure of primary short circuited beads cooled 
by air is the same with them cooled by spraying water. But cooled in different cooling patterns at the same temperature, the 
crystal particles have some differences. Below 500 , there is no distinction between the crystal particle cooled by spraying 
water and by air. This is because when the temperature below 500 , the atomic energy is not high enough to overcome the 
diffusion, so the crystal particles are same, whether cooled by spraying water or by air. On the other hand, when the 
temperature is higher than 500 , with the increase of the temperature, atomic energy increases gradually, and the diffusion 
ability increase apparently, the air cooling time is longer than water spray cooling time, so the crystal particle cooled by air 
is slightly bigger than by spraying water. 
4. Conclusion 
When the heating temperature below 500 , the temperature has little impact on the metallographic microcosmic of 
primary short circuited melted beads; when the temperature reaches or is higher than 500  (below the melting point of 
copper), the crystal particle of melted beads grow, with the increase of the temperature, the finely cylindrical crystal 
gradually change to bulky crystal isometric crystal that is similar with the crystal particle of melted beads due to fire burning.  
If the fire caused by the short circuit, primary short circuited beads are left in the fire scene, the crystal particle of them 
grow in the high temperature of fire, or cooled by spraying water after the crystal particle growth, or keep the original state 
without heating by the fire. So the changing regularity of the microstructure of primary short circuited beads has some 
significance in fire investigation, and can be used in identification of fire caused by the short circuit. 
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